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Abstract

Objective—We sought to examine the joint contributions of self-reported adverse childhood 

experiences (ACEs) and recent life events (RLEs) to inflammation at midlife, by testing three 

competing theoretical models: stress generation, stress accumulation, and early-life stress 

sensitization. We also aimed to identify potential mediators between adversity and inflammation.

Methods—Participants were 1180 middle-aged and older adults from the MIDUS Biomarker 

Project (M age = 57.3 years, SD = 11.5; 56% female). A composite measure of inflammation was 

derived from five biomarkers, including serum levels of C-reactive protein, interleukin-6, 

fibrinogen, E-selectin, and ICAM-1. Participants provided self-report data regarding ACEs, RLEs, 

current lifestyle indices (cigarette smoking, alcohol consumption, physical exercise, waist 

circumference), current depressive symptoms, and demographic/biomedical characteristics. We 

also used indices of hypothalamic-pituitary-adrenocortical outflow (12-hour urinary cortisol) and 

sympathetic nervous system output (12-hour urinary norepinephrine and epinephrine).

Results—Analyses indicated that ACEs and RLEs were independently associated with higher 

levels of inflammation, controlling for each other’s effects. Their interaction was not significant. 

The results were consistent with the hypothesis that associations between ACEs and inflammation 

were mediated through higher urinary norepinephrine output, greater waist circumference, 

smoking, and lower levels of exercise, whereas higher waist circumference and more smoking 

partially mediated the association between RLEs and inflammation.

Conclusions—In support of the stress accumulation model, ACEs and RLEs had unique and 

additive contributions to inflammation at midlife, with no evidence of synergistic effects. Results 

also suggested that norepinephrine output and lifestyle indices may help explain how prior 

stressors foster inflammation at midlife.
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Experiencing severe, chronic stress during childhood or adulthood has been linked to higher 

rates of morbidity and mortality from chronic diseases of aging, including coronary heart 

disease (CHD), type 2 diabetes, and some forms of cancer (Cohen, Janicki-Deverts, & 

Miller, 2007; Lutgendorf & Sood, 2011; Miller, Chen, & Parker, 2011; Pouwer, Kupper, & 

Adriaanse, 2010; Steptoe & Kivimäki, 2013). However, childhood and adult adversities 

have mostly been studied separately with regards to health outcomes. What has often been 

overlooked is how the interplay between childhood and adult stressors contributes to later 

health. Furthermore, the biobehavioral mechanisms explaining these associations have yet to 

be fully characterized.

Many researchers have posited that systemic low-grade inflammation is a pathway linking 

adversity with morbidity and mortality. Biomarkers of low-grade inflammation, such as 

CRP and IL-6, are elevated in both youth and adults who are experiencing chronic 

psychological stress (Hänsel, Hong, Cámara, & von Känel, 2010; Nazmi & Victora, 2007; 

Rohleder, 2014; Slopen, Koenen, & Kubzansky, 2012). In long-term prospective studies, 

these same biomarkers predict the development and progression of chronic diseases 

associated with aging, like CHD, type 2 diabetes, cancer, and preclinical research has 

implicated inflammation in the pathogenesis of these conditions (Black, 2003; Hansson & 

Hermansson, 2011; Libby, 2012; Powell, Tarr, & Sheridan, 2013). Thus, the goal of the 

present study was to test three competing theoretical models for how adversity experienced 

in childhood and adulthood may jointly relate to low-grade inflammation during middle age. 

The first possible explanation would fall under a stress generation model, whereby 

childhood adversity appears as a risk factor for later inflammation simply because it 

correlates with or generates adult stress. Alternatively, a stress accumulation model would 

suggest that childhood and adult stressors have independent and additive associations with 

inflammation later in life. Finally, the early-life stress sensitization model would predict 

synergistic effects between early and later stressors such that individuals exposed to both 

have worse outcomes than would be predicted from a purely additive model. We sought to 

test these competing theoretical models using data from the large national Midlife in the 

United States (MIDUS) study.

Stress Generation Model

Stress can be defined as a “real or interpreted threat to the physiological or psychological 

integrity of an individual that results in physiological and/or behavioral responses” 

(McEwen, 2000, p. 508). Stressful experiences in adulthood, especially when they are severe 

and chronic (e.g., job strain, social isolation, low income), are associated with poorer overall 

health status and higher prevalence of some conditions such as CHD or diabetes (Braveman, 

Cubbin, Egerter, Williams, & Pamuk, 2010; Holt-Lunstad, Smith, & Layton, 2010; 

Pejtersen, Burr, Hannerz, Fishta, & Eller, 2014; Pollitt, Rose, & Kaufman, 2005; Steptoe & 

Kivimäki, 2013). What is increasingly recognized is that severe and chronic adversity during 

childhood (e.g., experiencing maltreatment, family dysfunction, impoverished 
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socioeconomic circumstances) is also linked to poorer health outcomes in adulthood (Felitti 

et al., 1998; Galobardes, Lynch, & Smith, 2004, 2008; Lawlor, Sterne, Tynelius, Davey 

Smith, & Rasmussen, 2006; Wegman & Stetler, 2009). However, more research is needed to 

uncover the mechanisms through which early-life stress might become “biologically 

embedded” and exert such long-term effects on human health (Hertzman & Boyce, 2010; 

Miller et al., 2011). One possibility is suggested by a stress generation model –i.e., early-life 

stress predisposes individuals to experience greater stress in adulthood and this later 

exposure largely explains any variance associated with childhood adversity (e.g., Hammen, 

1991). This could occur in a number of ways. First, environmental continuity is the norm 

rather than the exception for most individuals –for instance, reviews of existing 

epidemiological studies suggest that low early-life socioeconomic status (SES) is associated 

with lower adult income, educational attainment, and occupational prestige. These markers 

of adult SES mediate some or most of the association between childhood conditions and 

mortality, depending on the study (Galobardes et al., 2008). Secondly, adverse childhood 

experiences such as maltreatment, family chaos and poverty can instill cognitive biases 

towards threat such that even ambiguous stimuli are interpreted as dangerous (Chen, Cohen, 

& Miller, 2010) and threatening stimuli are allocated more attentional resources (Shackman, 

Shackman, & Pollak, 2007), compounding levels of anxiety and stress over the lifespan. 

Early-life stress has similarly been linked to poorer self-regulation skills (Blair & Raver, 

2012), as well as lower access to support from close relationships in adulthood (Fagundes, 

Bennett, Derry, & Kiecolt-Glaser, 2011), which may leave individuals more vulnerable to 

experience stress that taxes their coping capacity. Moreover, in the realm of trauma, we 

know that individuals who experience trauma in childhood have a higher than average 

likelihood of being re-exposed to traumatic events in adolescence or adulthood, with some 

of these incidents facilitated by continued exposure to violent environments or by the 

survivors’ depressive or anxious behavioral, emotional and cognitive patterns (Widom, 

Czaja, & Dutton, 2008). Together, all these influences increase the odds that childhood 

adversity can directly or indirectly generate adult stress, supporting the main assumption of 

this theoretical model.

Stress Accumulation Model

Even if the stress generation account is accurate, there are likely to be additional pathways 

linking early adversity and later health. Indeed, there is mounting evidence that, even after 

controlling for adult stress, childhood exposures to adversity explain unique portions of 

variability in health outcomes, particularly in low-grade inflammation (Miller et al., 2011). 

For instance, this has been shown with research on child maltreatment (Wegman & Stetler, 

2009) and epidemiological studies on low early-life SES (Galobardes et al., 2004, 2008; 

Kittleson et al., 2006). Such patterns suggest that early and later-life stressors may have 

independent and additive contributions. A parsimonious explanation of these findings would 

be the stress accumulation model, which views stressors as having additive influences on 

later health (Evans & Kim, 2010; Evans, Li, & Whipple, 2013). The accumulation of 

adversity over time would then explain gradients in health based on total stress exposure. In 

support of this notion, a review by Pollitt et al. (2005) reported that previous studies 

examining life course SES as a predictor of adult cardiovascular outcomes most consistently 
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supported the accumulation model such that longer duration of total exposure to low SES 

and negative experiences across any life stages was related to poorer outcomes and was a 

stronger predictor than either adult or childhood SES. Some argue that the reason low SES is 

detrimental to human development and health is precisely because it subsumes an additive 

exposure to multiple risk factors (Evans et al., 2013), both over time and across types of 

stressors. This cumulative exposure to stress for those experiencing low SES is believed to 

tax many physiological systems, leading to cumulative “wear and tear” on the organism, 

accelerated aging and ultimately to heterogeneous disease processes (Seeman, Epel, 

Gruenewald, Karlamangla, & McEwen, 2010).

A key assumption of the stress accumulation model is that stressors combine additively – 

i.e., they don’t have interactive or multiplicative effects. There is some evidence supporting 

this assumption. For instance, one study found a linear dose-response relationship between 

the number of adversities experienced before age 18 and the prevalence of health-relevant 

conditions such as obesity or number of comorbid mental health conditions in adulthood 

(Anda et al., 2006; Felitti et al., 1998). However, this linear and additive pattern was not 

found with respect to the prevalence of some other health conditions (e.g., stroke, cancer; 

Felitti et al., 1998). More research is needed to investigate these patterns based on adversity 

experienced beyond age 18 and across the lifespan, given the possibility of interactive 

effects between childhood and adult stressors, which are suggested by the next model we 

discuss.

Early-life Stress Sensitization Model

In contrast to the stress generation model, which proposes that some and perhaps most of 

the effects of early experience operate through adult exposure to stress, the early-life 

sensitization model posits an independent and privileged role for early development as a 

period when the organism is more susceptible to adverse events. As exemplars of this 

theoretical perspective, the fetal origins hypothesis, which linked early nutritional 

deprivation and reduced fetal growth to heightened risk of adult diseases such as CHD and 

type 2 diabetes independently of adult risk factors (Barker, 1998) and the more general 

developmental origins of health and disease (DOHaD) hypothesis (Gluckman, Hanson, 

Cooper, & Thornburg, 2008; Wadhwa, Buss, Entringer, & Swanson, 2009) both argue that 

early environmental inputs shape later risk for disease because they act during periods of 

heightened plasticity and structural or functional maturation in many organs and systems. 

This type of biological “programming” is thought to carry forward by permanently shaping 

the organism’s physiology in a way that magnifies vulnerability to later disease.

When applied in the present context, the early-life stress sensitization model would predict 

that adverse childhood experiences would not only have independent and long-lasting 

effects on the functioning of the stress and immune systems, but they would also amplify 

reactions to stressors encountered later –i.e., there would be synergistic effects between 

early and later adversity. There is some emerging evidence in humans that early-life stress 

may shape brain circuits and peripheral physiology in ways that are associated with 

alterations in the functioning of the hypothalamic-pituitary-adrenocortical (HPA) axis and 

the sympathetic-adreno-medullary system in adulthood (Gunnar & Quevedo, 2007; Lupien, 
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McEwen, Gunnar, & Heim, 2009). Similarly, there is mounting evidence that early-life 

stress may shape the functioning of certain immune functions, specifically by promoting 

exaggerated pro-inflammatory tendencies in monocytes and macrophages (Miller et al., 

2011). However, it remains unclear (a) whether these associations are independent of adult 

stress exposure, and (b) whether early and late-life stressors have independent versus 

overlapping and/or interactive influences. Furthermore, the biological and behavioral 

pathways mediating the connections between early-life stress and inflammation late in life 

proposed in theoretical models (Miller et al., 2011) need to be clarified as little is known 

about them. We also know little about whether early and later chronic stressors are linked to 

inflammation through similar or different pathways. The present study aimed to address 

these gaps in the literature.

Linking Stressors to Inflammation: Mediational Scenarios

Both acute and chronic psychological stressors are associated with changes in various 

functions of the immune system (Segerstrom & Miller, 2004). Inflammation is an adaptive 

response by innate immune cells to injuries and infections. However, if this response 

becomes sustained and disseminated, either because the evoking stimulus remains or the 

system is dysregulated, a low-grade, chronic inflammation can develop. This “nonresolving 

inflammation” (Nathan & Ding, 2010) has been linked to morbidity and mortality from a 

variety of chronic illnesses, including CHD, type 2 diabetes, metabolic syndrome, and some 

cancers (Black, 2003; Hansson & Hermansson, 2011; Libby, 2012; Powell et al., 2013). 

There is also a growing body of evidence linking exposure to various adversities with 

inflammation. In childhood, chronic stressors such as maltreatment or low SES have been 

linked to biomarkers thought to reflect non-resolving inflammation, such as CRP and IL-6 

(Coelho, Viola, Walss-Bass, Brietzke, & Grassi-Oliveira, 2014; Fagundes, Glaser, & 

Kiecolt-Glaser, 2013; Nazmi & Victora, 2007). Adults confronting chronic stressors (e.g., 

low SES, familial caregiving, job burnout, loneliness) also display higher levels of these 

biomarkers (Hänsel et al., 2010; Nazmi & Victora, 2007).

However, the mediational pathways through which these adversities predispose individuals 

to low-grade inflammation have not been comprehensively tested in humans. It is thought 

that the primary mediators linking stress to inflammation are dysregulation of the HPA axis 

and sympathetic nervous system (SNS) (Glaser & Kiecolt-Glaser, 2005; Hänsel et al., 2010; 

Irwin & Cole, 2011), and health-compromising behaviors that are occasioned or exacerbated 

by stress (e.g., Kiecolt-Glaser & Glaser, 1988; Raposa, Bower, Hammen, Najman, & 

Brennan, 2014). Cortisol, the primary hormonal product of the HPA axis, is known at high 

doses to counter the pro-inflammatory activity of monocytes and macrophages (Irwin & 

Cole, 2011). There is evidence that dysregulated cortisol levels, whether abnormally low or 

chronically high, can impair control of inflammatory responses (Raison & Miller, 2003; 

Sapolsky, Romero, & Munck, 2000). Secondly, SNS fibers innervate lymphoid organs, 

primarily releasing norepinephrine onto resident cells, which have adrenergic receptors. 

Norepinephrine then accentuates inflammation by changing patterns of cell trafficking and 

cytokine release (Elenkov, Wilder, Chrousos, & Vizi, 2000; Irwin & Cole, 2011; Nance & 

Sanders, 2007). The sympathetic-adreno-medullary system also releases epinephrine and, in 

a small proportion, norepinephrine, into the general circulation, providing a systemic route 
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for regulating immune cells through adrenergic receptors (Elenkov et al., 2000). Secondly, 

lifestyle indices such as smoking, alcohol use, physical exercise or adiposity have also been 

shown to mediate some of the associations between stress exposure and heightened 

inflammation (Hagger-Johnson, Mõttus, Craig, Starr, & Deary, 2012; Kershaw, Mezuk, 

Abdou, Rafferty, & Jackson, 2010; Matthews, Chang, Thurston, & Bromberger, 2014; 

Raposa et al., 2014). In addition to these hypothesized pathways, there is an expanding 

evidence base documenting the bidirectional connections between depressive symptoms and 

inflammatory states (Messay, Lim, & Marsland, 2012; Raison & Miller, 2012; Slavich & 

Irwin, 2014). There are also well-known associations amongst stressful experiences, lifestyle 

indices, HPA and SNS activity, and depressive phenotypes (Kessler, 1997; Lang & 

Borgwardt, 2013; Miller & Cole, 2012; Pariante & Lightman, 2008). These observations 

suggest a possible mediating role of depressive symptoms for the association between 

adversity and inflammation. Despite these emerging findings, more empirical evidence is 

needed to test the unique and independent contributions of HPA output, SNS indices, 

lifestyle indices, and depressive symptoms to inflammation, which would provide clearer 

targets for prevention and intervention efforts.

Aims of the Present Study

The primary goals of this investigation were to (a) jointly examine the roles of childhood 

and recent stressors in inflammation at midlife, a time when many chronic diseases of aging 

begin to manifest clinically; and (b) to shed light on some of the biobehavioral mechanisms 

that could plausibly serve as candidate mediators for these associations. This report is based 

on data from the Biomarker Project of the longitudinal MIDUS study, a national survey 

focused on uncovering the role of behavioral and psychosocial factors in shaping age-related 

differences in physical and mental health. Inflammation was assessed via a panel of five 

biomarkers derived from fasting blood samples (C-reactive protein, interleukin-6, 

fibrinogen, E-Selectin, and ICAM-1), as detailed in the next sections.

Methods

Participants

Participants were drawn from the nationally representative MIDUS study, which began 

between 1995 and 1996 with 7,108 non-institutionalized adults selected via random-digit 

phone dialing from the 48 contiguous states. To allow genetically informed analyses, 

MIDUS included 957 pairs of twins and 950 non-twin siblings. An average of 9 years later, 

75% of surviving respondents participated in a follow-up study, known as MIDUS II. 

Biological data were collected from a subset of participants (this is known as the Biomarker 

Project), who traveled to a General Clinical Research Center (GCRC) for a two-day, 

overnight visit. Participants from the West Coast, East Coast, and Midwestern United States 

were invited to attend a GCRC close to their location (UCLA, Georgetown University, or 

University of Wisconsin). As a refinement to MIDUS II, an African American subsample 

was also recruited from the Milwaukee, Wisconsin area, and they were invited to complete 

all measures from MIDUS I and MIDUS II, as well as the biological sample collection. 

When including the Milwaukee sample, the total number of participants in the Biomarker 

Project was N = 1255. These individuals had higher educational attainment than the overall 
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MIDUS II sample but were comparable on other demographic factors (age, sex, race, 

income) and biomedical characteristics (subjective health, chronic conditions, health 

behaviors; Dienberg Love, Seeman, Weinstein, & Ryff, 2010). The mean age of the sample 

was 46.40 years and 56.80 years at the MIDUS I and II assessments, respectively.

For the analyses reported here, we included 1180 MIDUS II participants from the Biomarker 

Project that had available data for childhood adversity, recent life events, inflammation 

composite, and demographic or biomedical covariates. Participants included in this analysis 

were on average 57.3 years old (SD = 11.5), 56% female and exhibited some diversity in 

terms of racial/ethnic background: 74.9% Non-Hispanic White, 17.9% African American, 

3.2% Hispanic, and 4% other. The average total household income in this sample was 

$69,145 (SD = $57,516, range $0 - $300,000; for other participant characteristics, please see 

Table 1). The 1180 participants included here did not differ from the full Biomarker sample 

comprised of 1255 adults with respect to age, gender, race, educational level, history of 

heart disease or diabetes, or any of the major study variables such as childhood adverse 

events, recent life events, and the inflammation composite (p’s > .51). There were 153 

sibling sets in the Biomarker sample and 142 among participants included in this report (see 

Results section for details on how they were treated in our analyses).

Procedure

Participants arrived to one of the three GCRCs and were checked in for their two-day 

overnight stay. On Day 1, they were assisted by medical staff in completing their medical 

history, a physical exam, and a bone densitometry scan. They were also provided with a 

packet of self-administered questionnaires and were given instructions for a 12-hour, 

overnight urine sample collection (7:00 pm to 7:00 am). Nursing staff collected the urine 

specimens the following morning, when they also collected fasting blood samples from 

which the inflammatory biomarker concentrations were later derived. After breakfast, a 

cognitive challenge protocol was conducted (results not included here).

Measures

Inflammation composite—Five serum markers of low-grade inflammation derived from 

fasting blood samples were considered: C-reactive protein (CRP), interleukin-6 (IL-6), 

fibrinogen, E-Selectin, and Intercellular Adhesion Molecule-1 (ICAM-1). CRP was 

measured using a particle enhanced immunonepholometric assay (BNII nephelometer, Dade 

Behring Inc., Deerfield, IL). Serum IL6 was assessed using the Quantikine® High-

sensitivity ELISA kit #HS600B according to manufacturer guidelines (R & D Systems, 

Minneapolis, MN). Fibrinogen antigen was measured using the BNII nephelometer (N 

Antiserum to Human Fibrinogen; Dade Behring Inc., Deerfield, IL). Soluble E-selectin, also 

known as endothelial leukocyte adhesion molecule-1 (ELAM-1) and CD62E, was measured 

using a high sensitivity ELISA assay (Parameter Human sE-Selectin Immunoassay; R&D 

Systems, Minneapolis, MN). Soluble ICAM-1 was measured with an ELISA assay 

(Parameter Human sICAM-1 Immunoassay; R&D Systems, Minneapolis, MN). The 

laboratory intra- and inter-assay coefficients of variance (CV) for all protein assays were in 

acceptable ranges (< 10%).
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The inflammation indicators were all significantly correlated with each other (all p’s < .002; 

mean r = .26, range r = .09 –.54). A maximum likelihood factor analysis suggested a one-

factor solution (with CRP, IL-6, Fibrinogen, E-Selectin, and ICAM-1 having loadings of .

78, .68, .67, .24, and .24, respectively, on a single factor). Thus, the five indices were 

standardized and combined to yield one composite measure of low-grade inflammation 

(note: 99.1% of participants included in this analysis had all five measures available; 11 

participants had only two or three of the indices available; for them, these measures were 

standardized and combined in the same way to obtain an imputed mean value; results were 

unchanged when excluding these participants, thus analyses are reported on the full sample). 

A measure of serum soluble IL-6 receptor was also collected in the Biomarker Project, but it 

did not load onto the common factor (loading = .07) and it did not correlate significantly 

(mean r = .04, range r = .02 –.06, p’s > .05) with four of the five other inflammatory indices 

(only had a significant but small association with ICAM-1). Thus this sixth measure was 

excluded from the Inflammation composite and from present analyses.

Cortisol output—A cumulative cortisol measure was obtained from 12-hour overnight 

urinary samples. Cortisol concentrations were assessed using an Enzymatic Colorimetric 

Assay and Liquid Chromatography-Tandem Mass Spectrometry (LC-MS/MS). Data from 

participants with renal failure or severe renal decline according to glomerular filtration rate 

were set to “missing”. Values were adjusted for urinary creatinine, which was obtained from 

the same samples using an Enzymatic Colorimetric Assay performed at the Mayo Medical 

Laboratory (Rochester, MN). The inter-assay CV was 5.23%.

Sympathetic nervous system—Two indices of SNS outflow were used in this analysis: 

12-hour urinary norepinephrine and epinephrine output. To obtain norepinephrine and 

epinephrine concentrations, High-Performance Liquid Chromatography (HPLC) was used 

for Urinary Free Catecholamine Fractionation at the Mayo Medical Laboratory (Rochester, 

MN). Similar to urinary cortisol procedures described above, values were adjusted for 

urinary creatinine and participants with renal failure or severe renal decline according to 

glomerular filtration rate had their catecholamine urinary concentrations set to “missing”. 

The inter- and intra-assay CVs for urinary norepinephrine and epinephrine were between 

6.7% and 8%.

Adverse childhood events (ACEs)—We used the ACE Study Questionnaire (Felitti et 

al., 1998) as a template to construct a summary measure of adverse events experienced 

before age 18. In other large-scale epidemiologic studies, scores on this questionnaire have 

predicted a wide range of health-related outcomes (Anda et al., 2006; Bellis et al., 2014; 

Felitti et al., 1998). The questionnaire includes dichotomous items (yes/no) asking 

participants whether they experienced any of ten adverse experiences before age 18. The 

MIDUS study did not collect information on two of these experiences (witnessing violence 

against their mother while growing up and having either of their parents incarcerated at any 

point), but participants did complete questions inquiring about the other eight experiences 

(physical abuse, emotional abuse, sexual abuse, emotional neglect, physical neglect, parental 

divorce, any parent abusing alcohol or drugs, and parental depression). Items covering the 

first five adverse experiences were derived from the Childhood Trauma Questionnaire 
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(CTQ, Bernstein et al., 2003) completed by participants at the biomarker collection. The 

CTQ is a widely-used measure of childhood adversity and has high external validity, such 

that self-reports on the CTQ questionnaire are consistent with information derived from 

clinical interviews and objective sources of information –e.g., Child Protective Services 

records (Bernstein et al., 2003). Information regarding the other three adverse events was 

gleaned from MIDUS II questionnaires. A score of “1” was assigned for each experience 

endorsed, leading to an overall possible maximum score of 8 on this scale. Given the low 

frequencies for scores of 5 to 8, we created a single category for experiencing 4 or more 

stressors such that the final range for this index was 0–4 (see Figure 1 for final sample size 

in each category).

Recent life events (RLEs)—Participants completed the MIDUS Stressful Life Event 

Inventory created for the purposes of this study. The inventory was based on standard life 

stress measures (Turner & Wheaton, 1995) and included a comprehensive list of 20 possible 

events that could be experienced during adulthood (e.g., being a victim of physical or sexual 

assault, death of their child, loss of home, being fired from a job, jail detention, experiencing 

combat). For each item, subjects were asked if that event occurred at any point in their life 

and the age when it happened. We added a score of “1” for every event experienced in the 

previous 5 years and summed them to create a cumulative index of recent life events 

experienced. Given the low frequencies for scores greater than 4, we grouped all participants 

experiencing 4 or more events together and coded their score as a 4 (see Figure 1 for 

frequencies in each category). Results were similar when using a scale where each life event 

was weighted by the participants’ subjective appraisal of the event’s short-term and long-

term negative impact on their lives.

Lifestyle indices—At the biomarker assessment, information regarding cigarette 

smoking, alcohol consumption, physical exercise and waist circumference (measured in 

centimeters and standardized within each gender) was collected. Because the distributions of 

smoking, alcohol use, and exercise variables were extremely skewed and could not be 

corrected with transformations, they were recoded into ordinal variables. For smoking, the 

new variable was coded as 0 = never smoker, 1 = former smoker, and 2 = current smoker. 

For alcohol, it was 0 = zero drinks per week, 1 = less than 10 drinks per week, and 2 = 10 or 

more drinks per week. For physical exercise, number of minutes of weekly strenuous 

activity were coded as 0 = none, 1= less than 500 minutes per week, 2 = 500–1000 minutes 

per week, and 3 = more than 1000 minutes per week. These categories were chosen based on 

a previous MIDUS report, which significantly linked the exercise variable coded in this 

fashion to inflammatory outcomes (Strohacker, Wing, & McCaffery, 2013).

Depressive symptoms—The 20-item Center for Epidemiologic Studies Depression 

(CES-D) Inventory was used at the time of biomarker collection to assess depressive 

symptoms in the prior week. In prior studies the measure has shown high internal 

consistency and test-retest reliability, as well as adequate validity assessed via correlations 

with other self-report measures and clinical ratings (Radloff, 1977). In this sample the 

measure also had high internal consistency (Cronbach’s alpha = .89).
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Covariates—Basic sociodemographic, medical history, and medication usage information 

was obtained during the biomarker collection and MIDUS II assessments (see summary data 

for all of these characteristics in Table 1). Age, sex, and educational level were included in 

our models. Additionally, race/ethnicity was dummy-coded for analyses, with the most 

numerous group –non-Hispanic Whites- serving as the reference and African American, 

Hispanic, or Other race/ethnicity being coded a “1”. Medical diagnoses and medications 

with potential associations with inflammation were also selected for inclusion –namely, 

history of heart disease or diabetes; use of anti-hypertensive, cholesterol-lowering, 

corticosteroid, or non-steroidal anti-inflammatory medications. As measures of potential 

reporting biases, the CTQ Minimization/Denial Scale and the Neuroticism scale from the 

Midlife Development Inventory-Personality Scales were tested as covariates to assess the 

role of under-reporting or over-reporting childhood adversity, respectively.

Data Analysis Plan

Data preparation—Variables were examined for outliers and for their approximation of 

the normal distribution before analyses. Values that exceeded four standard deviations from 

the mean were Winsorized and replaced with the value at the 99.9th percentile (CRP: n = 17; 

IL-6: n = 22; fibrinogen: n = 4; E-Selectin: n = 5; I-CAM1: n = 9; Inflammation composite: 

n = 1; urinary cortisol: n = 4; urinary norepinephrine: n = 7; urinary epinephrine: n = 10; 

waist circumference: n = 2; CES-D scores: n = 5). A logarithmic transformation was also 

applied to normalize the distributions of skewed variables (CRP, IL-6, urinary cortisol, 

norepinephrine, epinephrine, and CES-D scores; all had a right skew prior to log 

transformation). Continuous variables were mean-centered before calculating interaction 

terms and before use in multiple regression analyses.

Statistical analyses—We first used multiple regression analyses to examine the 

independent as well as interactive effects of ACEs and RLEs in predicting the Inflammation 

Composite. We initially tested the unadjusted associations, then repeated the analyses 

controlling for demographic, SES, and medical history covariates. To pit the three 

competing stress models against each other, the results were interpreted as follows: a 

significant bivariate association between ACEs and Inflammation combined with a non-

significant role of ACEs after controlling for RLEs or current lifestyle indices were 

considered supportive of the stress generation model. Significant main effects for both 

ACEs and RLEs without a significant interaction term were deemed to support the stress 

accumulation model, whereas a significant interaction such that individuals scoring high on 

both ACEs and RLEs would exhibit greater inflammation than all other groups, in addition 

to or in the absence of main effects, were considered evidence for the early-life stress 

sensitization model.

In the next stage of the analysis, we used Structural Equation Modeling (SEM) implemented 

using the Mplus Software (version 6.12, Muthén & Muthén, 2011) to estimate the viability 

of indirect pathways involving adrenocortical and SNS biomarkers (urinary cortisol output, 

urinary norepinephrine, and urinary epinephrine), lifestyle indices (cigarette smoking, 

alcohol consumption, physical exercise, and waist circumference), and depressive 

symptoms. We first tested each of these candidate mediators in a separate model, to examine 
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whether they constituted indirect pathways from ACEs and RLEs (included together to 

control for each other’s effects) to the Inflammation composite. Then, we conducted a more 

stringent analysis and modeled all these mediators simultaneously, after also parsing out 

variance due to demographics, SES, and medical history variables from the Inflammation 

composite. The latter was accomplished by including these possibly confounding factors in a 

multiple regression analysis as predictors of the Inflammation composite and saving the 

unstandardized regression residual. In effect, this residual represents the Inflammation 

composite after parsing out variance due to covariates, and was thus used as an outcome in 

subsequent SEM analyses.

Missing data—Given a rate of missing data on the dependent variable of only 6% (N = 75 

out of the 1255 participants in the Biomarker Project), multiple imputation was not deemed 

necessary as estimates are not likely to become biased when the rate of missingness is less 

than 10% (Bennett, 2001). Furthermore, results were very similar when SEM analyses were 

conducted on the full sample of 1255 participants using the MLR estimator (maximum 

likelihood with robust standard errors), thus results are reported for the sample of 1180 

participants to ensure that multiple regression models using different covariates are 

describing the same participants.

Results

Bivariate correlations and descriptive statistics for the main study variables are shown in 

Table 2.

Do Early-life and Recent Stressors Have Independent or Interactive Roles in Predicting 
Inflammation?

Multiple regression results indicated that both ACEs and RLEs were independently and 

uniquely associated with higher levels of inflammation (β = .07, t = 2.51, p = .01 and β = .

11, t = 3.75, p < .001, respectively), after controlling for each other’s effects (second model 

in Table 3). The bivariate association between ACEs and inflammation (first model in Table 

3: β = .09, t = 2.91, p <.004) decreased slightly when RLEs were added in the model, but 

remained significant. Their interaction, however, was not significant (β = .001, t = .05, p = .

96). The additive roles of ACEs and RLEs, as well as their non-significant interaction, were 

also evident in models after controlling for a variety of demographic, SES, and medical 

history characteristics (third model in Table 3)1. Figure 1 shows the positive associations of 

RLEs and ACEs with the Inflammation composite2. Results of these analyses were 

1We obtained similar results when creating a single measure of cumulative early and recent stress, coded as follows: 0 = no ACEs or 
RLEs; 1 = either ACEs or RLEs experienced; 2 = both ACEs and RLEs reported. There was a linear dose-response relation between 
this ordinal variable and inflammation (β = .10, t = 3.08, p = .002), however this summary measure explained less variability than 
ACEs and RLEs, thus they were modeled separately.
2Regression analyses using orthogonal polynomial coding revealed that RLEs related to inflammation in a linear fashion (linear term: 
t = 2.66, p = .008), whereas the quadratic, cubic, and quartic terms were not significant (p > .60). When using orthogonal polynomials 
to characterize the association between ACEs and Inflammation, there was some evidence of curvilinearity (both linear and quadratic 
terms were significant, p < .009, with no other significant terms). However, follow-up GLM analyses comparing inflammation levels 
for the five ACE categories showed that groups reporting 0, 1, and 2 adverse events did not differ significantly from each other (p’s > .
57), thus the variable was best modeled as linear in subsequent analyses.
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consistent with the stress accumulation model, partly consistent with stress generation, and 

not supportive of the early-life stress sensitization model.

Sensitivity analyses revealed that results were identical when excluding all participants who 

had a medical history of heart disease or diabetes or who were taking any of the medications 

considered as covariates in the previous analysis (remaining sample size: N = 486). Namely, 

in this healthy subsample, both ACEs and RLEs remained significant predictors of 

Inflammation (β = .11, t = 2.36, p = .019; and β = .12, t = 2.67, p = .008), and their 

interaction continued to be non-significant (p = .55). This finding was also robust regardless 

of inclusion of demographic covariates (age, gender, race, educational level). Furthermore, 

our results were identical when controlling for the two measures of potential reporting 

biases, the CTQ Denial/Minimization Scale and the Neuroticism scale, as well as when 

excluding the top 5% highest-scoring participants on these measures. Lastly, neither ACEs 

nor RLEs interacted significantly with age, gender, or race to predict inflammation (p’s 

range = .21 - .96) thus moderation was not considered further.

As mentioned, MIDUS recruited some twin and non-twin sibling sets and some of these 

participants were included in the Biomarker project. Because their data are likely to be 

correlated and violate the assumption of independent and identically distributed 

observations, we conducted the analyses above again but including only one sibling from 

each family (each sibling was selected using a random number generator). We found the 

same pattern of results in this analysis (N = 1038; ACEs: β = .06, t = 1.97, p = .049; RLEs: β 

= .13, t = 4.05, p < .001; interaction: p = .64).

Testing Candidate Mediators: HPA, SNS Indices, Lifestyle Factors, and Depressive 
Symptoms

Given the significant associations of both ACEs and RLEs with Inflammation, in the next 

step we proceeded to test indirect pathways that may help explain these associations. Table 4 

and Figure 2 shows the results of separate SEM analyses, which tested each of hypothesized 

mediators3 as indirect pathways linking ACEs and RLEs with the Inflammation composite. 

In the case of ACEs, multiple significant indirect pathways emerged, suggesting that early 

adversity was linked to current inflammation via lower urinary cortisol output, higher 

urinary norepinephrine output, greater waist circumference, more smoking, lower levels of 

exercise, and more frequent depressive symptoms. These models included RLEs, so the 

indirect pathways reflect unique associations of ACEs with the candidate mediator and the 

Inflammation composite. For RLEs, there were significant indirect pathways linking recent 

events with current inflammation via more smoking and larger waist circumference. (Again, 

these models included ACEs, so reflect the distinct associations of RLEs.)

Results changed very little when testing all these mediators simultaneously and co-varying 

out the effects of demographic and medical confounds from the Inflammation composite 

(Table 5 and Figure 3). For ACEs, the indirect pathways involving norepinephrine, waist 

circumference, smoking, and exercise retained an explanatory role. The indirect pathway 

3We use the term “mediator” only in the statistical sense, as it was not possible to meet all conditions for true mediation given the lack 
of temporal separation between the measurement of predictors, mediators, and outcomes.
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involving cortisol dropped to non-significance (p = .37) when covariates were included, 

likely because lower urinary cortisol was significantly associated with being African 

American, male gender, taking anti-hypertensive medications, cholesterol-lowering 

medications, corticosteroids, or having a history of diabetes (p’s ranging from <.001 to .

049). The indirect pathway involving depressive symptoms also became non-significant (p 

= .28). When norepinephrine, waist circumference, smoking, and exercise were modeled 

together, the direct pathway from ACEs to Inflammation was no longer significant (β = −.

001, SE = .03, p = .98), suggesting full statistical mediation. For RLEs, including the panel 

of covariates, smoking, and waist circumference in the SEM together did not change the 

pattern of results. Here, there was evidence suggestive of partial mediation; when these 

variables were in the model, the direct pathway from RLEs to the Inflammation composite 

remained significant (β = .06, SE = .03, p = .03).

Discussion

Despite much interest in inflammation as a mediator of stress-disease connections (Glaser & 

Kiecolt-Glaser, 2005; Hänsel et al., 2010; Rohleder, 2014), some basic questions in this area 

remain unanswered. In particular, little is known about how stressors at different points in 

the lifespan relate, combine, or interact, or which biobehavioral mechanisms they set into 

motion to accentuate disease risks. The present study leveraged data from the large national 

MIDUS study to address these gaps and test three competing models for how childhood and 

recent major adverse events might jointly contribute to inflammation in middle-aged adults. 

The data provided the most support for the stress accumulation model, such that childhood 

adversity and recent stressors had independent and additive roles in association with 

inflammation, after accounting for their shared variance and any demographic or biomedical 

confounds, with no evidence of synergistic effects. Furthermore, we considered indices of 

HPA and SNS outflow, as well as lifestyle variables and depressive symptoms as candidate 

mediators linking these stressors with inflammation. SEM analyses identified several 

significant indirect pathways. First, adverse childhood experiences were associated with 

inflammation via greater SNS activity (indexed by 12-hour urinary norepinephrine output) 

and unhealthy lifestyle indices at midlife (greater abdominal adiposity, cigarette smoking 

and low levels of physical exercise). Secondly, recent life events were linked to 

inflammation via smoking and greater abdominal adiposity. These results advance our 

knowledge of lifespan pathways leading to risk of diseases with inflammatory underpinnings 

and open new avenues of research into some of the underlying mechanisms.

The stress accumulation model posits that the effects of stressful events accrue linearly 

across the lifespan and across stressor types (Evans & Kim, 2010; Evans et al., 2013) and 

exert cumulative damage that eventually results in disease, as hypothesized for instance by 

the allostatic load model (McEwen, 2008; Seeman et al., 2010). As discussed above, results 

were consistent with this hypothesis. An implication of this finding is that childhood 

experiences might have long-lasting consequences for adult health, in addition to the 

significant and independent explanatory contribution of recent life events.

There was also partial support for the stress generation model. Empirically, we found that 

childhood adversity was significantly correlated with experiencing major stressors during 
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midlife. We also found that childhood adversity’s association with inflammation was 

somewhat attenuated when recent stressors were entered simultaneously. These findings are 

not surprising, given that individuals often experience environmental continuity across the 

lifespan (e.g., low SES, Galobardes et al., 2008). Furthermore, chronic stress during 

childhood is associated with psychological and behavioral proclivities that may leave 

individuals more vulnerable to experiencing or exacerbating stress later in life (Chen et al., 

2010; Fagundes et al., 2011; Miller et al., 2011; Shackman et al., 2007; Widom et al., 2008). 

With that said, ACEs continued to predict inflammation when RLEs were added to the 

regression model. These findings suggest that stress generation is part, but not all, of the 

pathway through which childhood adversity relates to midlife inflammation.

Lastly, the non-significant interaction effect between ACEs and RLEs contradicted the 

prediction derived from the early-life stress sensitization model. Nevertheless, the 

significant associations of ACEs with both lower urinary cortisol output and higher 

norepinephrine output in middle-aged and older adults, even after controlling for the effects 

of RLEs, might be construed as supportive of the early programming hypothesis embedded 

within this model. Moreover, we cannot definitively rule out this model given that our 

composite measures of self-reported adverse events experienced before age 18 may not have 

the temporal specificity required to detect critical periods for the sensitization of stress and 

immune systems. Animal models suggest specific and fairly narrow time windows of 

plasticity for obtaining long-lasting effects of early experience on adult adrenocortical 

responsivity (e.g., first week of life in rodents, Meaney & Aitken, 1985). Human studies 

have also hinted at the existence of such sensitive periods –e.g., school-aged children who 

had experienced physical or sexual abuse before age 5 and exhibited depressive symptoms 

showed flattened diurnal cortisol slopes, whereas later maltreatment was not associated with 

this pattern (Cicchetti, Rogosch, Gunnar, & Toth, 2010). Future research should incorporate 

measures of the exact timing and duration of adverse childhood experiences, to better 

characterize potentially sensitive periods for the programming of the stress and immune 

systems in humans and more fully test the early sensitization model. Additionally, isolating 

which types of stressors matter at which developmental stages will be particularly 

informative, given recent evidence from the MIDUS study that some childhood stressors 

such as physical abuse and socioeconomic disadvantage are the strongest predictors of 

biological risk in middle-age (Friedman et al. 2015).

The second aim of the study was to investigate whether the data would be consistent with a 

mediating role for hormonal outflow from the HPA axis and SNS, lifestyle factors, and 

depressive symptoms. The results were consistent with the hypothesis that associations 

between ACEs and Inflammation were mediated through higher urinary norepinephrine 

output, greater waist circumference, smoking, and lower levels of exercise, even after 

including all these purported mediators simultaneously in a model (i.e., estimating their 

contributions independently of the others) and parsing out effects due to RLEs, demographic 

and biomedical confounds. The explanatory role of norepinephrine is consistent with studies 

that have linked exposure to chronically stressful circumstances in childhood (e.g., 

conflictual or neglectful family environments) with heightened sympathetic reactivity (for a 

review, see Repetti, Taylor, & Seeman, 2002). Furthermore, children exposed to these 
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adverse environments also show emotion-processing and self-regulation deficits that might 

continue to facilitate exacerbated SNS reactions to stressors later into adulthood (Repetti et 

al., 2002). In turn, activation of sympathetic fibers releasing norephinephrine onto lymphoid 

organs is known to potentiate inflammation by changing patterns of cell trafficking and 

cytokine release (Elenkov et al., 2000; Irwin & Cole, 2011; Nance & Sanders, 2007). 

Showing that norepinephrine output partially explained the associations between ACEs and 

inflammation in humans is a novel contribution to the literature. Of course, with the study’s 

cross-sectional, observational design, firm conclusions about mediational scenarios are not 

appropriate. More definitive inferences about norepinephrine’s role in these processes will 

have to be gleaned from prospective, multi-wave studies with humans and corresponding 

experiments in animal models.

When tested by itself in a separate model and before adjustment for covariates, lower 

cortisol output also constituted a significant indirect path from ACEs to inflammation. This 

finding is consistent with meta-analytic reviews showing that chronic stress is associated 

with relatively lower cortisol output (Miller, Chen, & Zhou, 2007). Furthermore, lower 

cortisol levels were also associated with greater inflammation in this study, which would be 

compatible with the anti-inflammatory properties of cortisol (Irwin & Cole, 2011; Sapolsky 

et al., 2000). However, this indirect path no longer played an explanatory role when pitted 

against other mediators and parsing out variance due to demographic or biomedical 

confounds. This result could mean that lower cortisol levels were an artifact for those with 

higher ACEs (i.e., perhaps a transient effect caused by taking cholesterol-lowering 

medications, anti-hypertensive medications, or corticosteroids, and not intrinsically linked to 

higher exposure to ACEs). An alternative possibility is that of overadjustment for covariates 

in our analysis, which can occur when controlling for factors that could be part of the causal 

pathway between a hypothesized predictor and the outcome (Schisterman, Cole, & Platt, 

2009). In this instance, cortisol might be one part of a common causal pathway from ACEs 

to inflammation, disease, and medication use, and its role obscured when these covariates 

were included in the regression equations. More longitudinal research will be needed to 

tease apart these possibilities.

The association of lifestyle factors such as smoking, excessive alcohol consumption, 

physical inactivity and related adiposity with both inflammation and childhood adversity has 

been previously noted (Hagger-Johnson et al., 2012; Matthews et al., 2014; Raposa et al., 

2014). Our findings revealed that after adjustment for recent life events and demographic or 

biomedical covariates, only waist circumference, smoking, and lower levels of exercise were 

involved in significant indirect paths from ACEs to inflammation. These indirect pathways 

could be explained by previous research showing that adverse early-life events are 

associated with self-control depletion, which are in turn linked to greater adiposity, more 

smoking and lower levels of physical exercise (Hostinar, Ross, Chen, & Miller, 2014).

Smoking and waist circumference were the only candidate mediators tested that formed 

significant indirect paths from RLEs to inflammation, and they only partially explained this 

association. These patterns suggest that RLEs give rise to inflammation via pathways not 

considered here. One candidate is diet. A previous report from MIDUS showed that self-

reported stress eating was significantly related to higher waist circumference (Tsenkova, 
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Boylan, & Ryff, 2013) and it is known that visceral adiposity, particularly in the abdomen, is 

a major source of inflammatory mediators such as IL-6 (Hotamisligil, 2006). Stress-evoked 

eating can stimulate endogenous opioid release and thereby improve mood (Adam & Epel, 

2007). This may weaken the pathway from RLEs to HPA/SNS dysregulation and to 

inflammation, while still promoting inflammation via increases in abdominal adiposity. 

Another possibility is that RLEs might operate through the same pathways as ACEs, but 

more time would have needed to elapse for these lifestyle and hormonal effects on 

inflammation to unfold.

Alcohol consumption did not significantly mediate any associations between either 

childhood or recent adverse events and inflammation and it was negatively correlated with 

inflammation in this sample. It could be that participants with serious health problems or 

greater medication use, which were abundant in this sample because of its focus on middle-

aged and older adults, had to reduce or eliminate their alcohol use for health reasons. These 

speculations are difficult to verify with cross-sectional data, thus longitudinal tracking of 

stressors, alcohol intake, and inflammation will be critical for clarifying the nature of these 

links.

Lastly, depressive symptoms were significantly associated with ACEs, RLEs, and 

inflammation, and appeared to act as mediators between ACEs and inflammation in initial, 

unadjusted analyses. However, when all mediators were included simultaneously and 

biomedical and demographic confounds were parsed out, this indirect pathway no longer 

served a significant explanatory role. This suggests that depressive symptoms might be part 

of the causal pathway from adversity to inflammation, but might act through and share 

variance with lifestyle and hormonal pathways that are more proximal predictors of immune 

function. This would be consistent with other studies of depression and immunity showing 

that their association is, at least in part, explained by other mediators such as physical 

activity (Miller, Cohen, & Herbert, 1999). The cross-sectional design does not allow an 

effective test of the order and directionality of effects in such multi-step mediational 

pathways, but prospective longitudinal research will hopefully examine these underlying 

processes more closely.

The present study had several notable strengths, including the recruitment of a relatively 

large sample in biomarker research, with diverse participation across the United States. The 

availability of multiple inflammatory indices and of physiological measures assessing both 

HPA and SNS function was a unique opportunity afforded by the design. The analyses 

presented here also had a number of limitations. The design is correlational, and the 

concurrent assessment of stress, presumed mediators, and inflammatory outcomes precludes 

any definitive conclusions about mediation or causal pathways. Furthermore, the use of self-

reported and retrospective measures of childhood adversity and recent stressors may be a 

source of measurement error due to memory problems or other sources of response bias. 

Nevertheless, our analyses revealed associations with childhood adversity even when 

controlling for recent stressors that might shape participants’ mindsets, and for reporting 

bias tendencies captured by the CTQ Minimization/Denial scale and the Neuroticism scale. 

Furthermore, the fact that participants’ self-reports are associated with objective indices of 

inflammatory processes suggests that more research is needed to reveal what mediates these 
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associations. The considerable sample size can also diminish measurement error associated 

with using self-report instruments. Finally, even though the prospective and objective 

documentation of stressors experienced from birth into middle age would indeed be 

preferable for addressing the questions posed here, this approach has its own challenges in 

terms of cost and feasibility.

Despite the limitations noted, studies like MIDUS are an important first step before 

conducting more extensive longitudinal investigations across the human lifespan. These 

examinations may inform clinical efforts to reduce the burden of stress-related illness across 

the lifespan. For instance, it has been argued that research on ACEs should inform public 

health policies and connect them more closely to social work and intervention/prevention 

programs designed to reduce childhood adversity (Larkin, Felitti, & Anda, 2014). 

Additionally, in light of ongoing national debates regarding the utility of introducing 

questions about ACEs in routine physical examinations (Starecheski, 2015), there is an acute 

need for research that moves us closer to specifying the concrete pathways through which 

childhood adversity shapes later health.
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Figure 1. 
Mean levels on Inflammation composite by number of RLEs and ACEs.
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Figure 2. 
Standardized path coefficients for models in Table 4. Significant paths shown in solid black 

lines, non-significant paths in gray dashed lines. Bivariate associations before the addition of 

mediators were β =.07* for ACEs and Inflammation and β =.11* for RLEs and 

Inflammation.
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Figure 3. 
Model 9 includes all mediators entered simultaneously and the Inflammation composite 

adjusted for demographic and biomedical history covariates. Only the significant 

standardized paths are shown in the figure (please see Table 5 for tests of significance for all 

indirect paths tested).
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Table 1

Participant characteristics (N = 1180).

Characteristic Mean (SD) or Number (%)

Age (years) 57.3 (11.5)

Sex (female) 661 (56%)

Race/ethnicity: White (non-Hispanic) 884 (74.9%)

    African American 211 (17.9%)

    Hispanic 38 (3.2%)

    Other 47 (4%)

Educational level* 7.97 (2.57)

History of heart disease 137 (11.6%)

History of diabetes 145 (12.3%)

Taking anti-hypertensive medications 430 (36.4%)

Taking cholesterol-lowering medications 328 (27.8%)

Taking corticosteroid medications 55 (4.7%)

Taking daily NSAID medications** 319 (27%)

Notes:

*
Highest educational level completed by self or spouse was used and coded as follows: 1 = no school/some grade school; 2 = eighth grade; 3 = 

some high school; 4 = GED; 5 = high school degree; 6 = one or two years of college; 7 = 3 or more years of college; 8 = degree from 2-year 
college, vocational school or Associate’s degree; 9 = college degree; 10 = some graduate school; 11 = Master’s degree; 12 = Doctoral degree.

**
NSAID = non-steroidal anti-inflammatory medications included aspirin, ibuprofen, and naproxen.
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Table 4

Results of SEM mediation tests (unadjusted for covariates). Each mediator was tested separately, including 

both ACEs and RLEs in each model and estimating the significance of the indirect, mediated path after 

controlling for the direct paths from ACEs and RLEs to Inflammation.

Model Indirect Paths β SE p-value

1 ACEs → ↓ Urinary cortisol output → Inflammation .008 .004 .03*

RLEs → Urinary cortisol output → Inflammation .006 .003 .08

2 ACEs → ↑Urinary NE output → Inflammation .014 .006 .03*

RLEs → Urinary NE output → Inflammation −.009 .006 .16

3 ACEs → Urinary EPI output → Inflammation .003 .002 .16

RLEs → Urinary EPI output → Inflammation .004 .003 .13

4 ACEs → ↑Waist circumference → Inflammation .032 .014 .02*

RLEs → ↑Waist circumference → Inflammation .049 .014 .001**

5 ACEs → ↑ Smoking → Inflammation .011 .003 <.001***

RLEs → ↑ Smoking → Inflammation .011 .004 .02*

6 ACEs → Alcohol use → Inflammation −.003 .002 .18

RLEs → Alcohol use → Inflammation −.001 .002 .60

7 ACEs → ↓ Exercise → Inflammation .018 .006 .001**

RLEs → Exercise → Inflammation .000 .006 .95

8 ACEs → CES-D Symptoms → Inflammation .02 .008 .015*

RLEs → CES-D Symptoms → Inflammation .006 .003 .065

NE = norepinephrine; EPI = epinephrine.

*
p < .05;

**
p < .01;

***
p < .01.
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Table 5

Model with all candidate mediators entered simultaneously and with the Inflammation composite adjusted for 

demographic and biomedical history covariates.

Model Indirect Paths β SE p-value

9 ACEs → Urinary cortisol output → Inflammation −.002 .003 .37

RLEs → Urinary cortisol output → Inflammation −.002 .002 .38

ACEs → ↑Urinary NE output → Inflammation .008 .004 .06Δ

RLEs → Urinary NE output → Inflammation −.005 .004 .18

ACEs → Urinary EPI output → Inflammation .003 .002 .23

RLEs → Urinary EPI output → Inflammation .004 .003 .20

ACEs →↑Waist circumference → Inflammation .024 .01 .02*

RLEs → ↑Waist circumference → Inflammation .037 .011 .001**

ACEs → ↑Smoking → Inflammation .015 .005 .006*

RLEs → ↑Smoking → Inflammation .007 .004 .036*

ACEs → Alcohol use → Inflammation .000 .001 .93

RLEs → Alcohol use → Inflammation .000 .000 .93

ACEs → ↓ Exercise → Inflammation .007 .003 .026*

RLEs → Exercise → Inflammation .000 .002 .95

ACEs → Depressive symptoms → Inflammation .008 .008 .28

RLEs → Depressive symptoms → Inflammation .002 .002 .31

NE = norepinephrine; EPI = epinephrine.

Δ
p < .10;

*
p < .05;

**
p < .01.
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